Platelet-activating factor (PAF) is a lipid derived from breakdown of cell membranes that is postulated to be a mediator of cerebral ischemic injury. PAF regulates CNS gene transcription via intracellular binding sites. To test the hypothesis that PAF mediates CNS injury in part by modulating gene transcription, we evaluated the neuroprotective efficacy of the drug BN 50730, an antagonist of the intracellular (microsomal) CNS PAF binding site, in the neonatal rat model of unilateral cerebral hypoxiaischemia. Seven-day-old rats underwent right carotid ligation followed by a 2.5-h exposure to 8% O 2 , and were then treated with BN 50730 (2.5 or 25 mg/kg per dose) or vehicle, at 0 and 2 h after the end of hypoxia. Ipsilateral cortical, striatal, and hippocampal damage was quantitated either 5 d later, or at 5 wk after the insult. Treatment with BN 50730 resulted in approximately 60 -80% reduction in ipsilateral tissue loss at both times. Learning and memory were evaluated 5 wk after insult using the Morris Watermaze place navigation task. Severity of cortical and striatal damage correlated significantly with learning and memory deficits. These results support the hypothesis that PAF is a pathogenetic mediator of hypoxic-ischemic damage in the immature brain. Accumulating evidence suggests that PAF mediates its deleterious effects in the immature CNS via multiple mechanisms. PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) is a potent phospholipid mediator with distinct systemic and CNS actions. In the CNS, PAF is synthesized in neurons and microglia (1, 2), and PAF receptors are expressed predominantly in neurons and microglia and, to a lesser extent, on astrocytes and CNS endothelium (3-5). PAF has distinct neuronal actions, as a synaptic messenger, a transcriptional activator, and a critical determinant of normal brain development (6, 7). In addition to these CNS effects, PAF has potent proinflammatory systemic effects (8). PAF accumulates in ischemic CNS tissue in mature and immature animals (9 -12). In mature animals, most reports indicate that PAF receptor antagonist treatment attenuates cerebral ischemic damage (13-16). Several recent studies implicate PAF as a mediator of ischemic injury in the neonatal brain (12, 17).
PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) is a potent phospholipid mediator with distinct systemic and CNS actions. In the CNS, PAF is synthesized in neurons and microglia (1, 2) , and PAF receptors are expressed predominantly in neurons and microglia and, to a lesser extent, on astrocytes and CNS endothelium (3) (4) (5) . PAF has distinct neuronal actions, as a synaptic messenger, a transcriptional activator, and a critical determinant of normal brain development (6, 7) . In addition to these CNS effects, PAF has potent proinflammatory systemic effects (8) . PAF accumulates in ischemic CNS tissue in mature and immature animals (9 -12) . In mature animals, most reports indicate that PAF receptor antagonist treatment attenuates cerebral ischemic damage (13) (14) (15) (16) . Several recent studies implicate PAF as a mediator of ischemic injury in the neonatal brain (12, 17) .
Brain PAF concentrations rise acutely after neonatal cerebral hypoxia-ischemia (12) , most likely as a result of breakdown of membrane phospholipids. Treatment with the PAF receptor antagonist BN 52021 (ginkgolide B), beginning either before or immediately after hypoxia exposure, reduced hypoxicischemic brain injury in postnatal d 7 rats (17) . Pretreatment with a Ginkgo biloba extract, which includes BN 52021, attenuated posthypoxic-ischemic PAF accumulation (12) . These results suggest that PAF contributes to the pathogenesis of neonatal cerebral hypoxic-ischemic injury.
PAF could mediate cerebral hypoxic-ischemic injury via either of two distinct neuronal PAF binding sites. Studies in adult rat cerebral cortex subcellular membrane fractions delineate distinct populations of neuronal PAF binding sites in synaptic membranes versus intracellular (microsomal) membranes (18) . These studies suggest that BN 52021 is a noncompetitive antagonist of synaptic cell membrane PAF binding sites, and is a more potent antagonist of synaptic sites than microsomal PAF binding sites. In contrast, the hetrazepine BN 50730 [tetrahydro-4,7,8,10 methyl-1(chloro-2 phenyl)-6(methoxy-4 phenyl-carbamoyl)-9 pyrido 4Ј,3Ј,4,5) thieno [3,2-f] triazolo-1,2,4 [4,3-a] diazepine-1,4 is a competitive antagonist of the intracellular (microsomal) population of PAF binding sites, but not of synaptic membrane sites. Activation of these two distinct populations of neuronal PAF binding sites results in different cellular actions. Presynaptic cell membrane PAF receptor activation augments excitatory amino acidmediated neurotransmission and results in increased intracellular calcium concentrations (6) . Activation of the intracellular (microsomal) PAF receptor results in induction of immediateearly genes (e.g. fos, jun, zif/268, COX-2), suggesting a role in transcriptional regulation (6) . BN 50730 blocks the induction of immediate-early genes by PAF in vitro and by electroconvulsive and kainic acid-induced seizures in vivo (6) .
There is growing epidemiologic and experimental evidence that inflammatory mediators play a pathophysiologic role in neonatal brain injury, including injury induced by cerebral hypoxia-ischemia (19, 20) . Systemically PAF has potent proinflammatory effects on leukocytes, including stimulation of cytokine production (8); these effects could also contribute to CNS damage in cerebral hypoxia-ischemia. PAF could mediate hypoxic-ischemic brain damage via microglial PAF receptors (3) . Microglia are the resident inflammatory cells of the CNS, and may play a role in brain injury by releasing a variety of toxins, e.g. eicosanoids, nitric oxide, or proinflammatory cytokines (21) . PAF stimulates, and the PAF receptor antagonist BN 52021 attenuates, microglial production of nitric oxide and the proinflammatory cytokines IL-1␤ and tumor necrosis factor-␣ (22) . The effect of BN 50730 on microglial PAFmediated events is unknown. At the intracellular level, PAF stimulates both calcium accumulation and immediate-early gene expression in microglia (23) . Thus BN 50730 might be expected to block PAF-induced changes in gene transcription in microglia, as has already been demonstrated in neurons.
Previous studies suggest that at least some of the deleterious effects of PAF in neonatal cerebral hypoxia-ischemia are mediated via the synaptic membrane PAF receptor (17) . The present study was designed to test the hypothesis that PAF could also mediate hypoxic-ischemic brain damage via the microsomal PAF binding site. Specifically, we hypothesized that blockade of microsomal PAF binding sites by BN 50730 would attenuate hypoxic-ischemic brain injury in neonatal rats. We evaluated hypoxic-ischemic damage at both 5 d and 5 wk of recovery to demonstrate that neuroprotection by BN 50730 was sustained and that treatment did not simply delay the ultimate manifestation of injury (24) .
METHODS

Hypoxia-ischemia.
We used a well-characterized model of unilateral cerebral hypoxia-ischemia in postnatal d 7 rats, induced by unilateral carotid ligation followed by timed exposure to a hypoxic inspiratory gas mixture (8% O 2 ) (25) . In this model, the severity of injury is directly related to the duration of hypoxic exposure (26) . We used conditions resulting in moderate to severe damage to ipsilateral cortex, striatum, and hippocampus; typical histopathologic findings 5 d after lesioning included regional atrophy and infarction. In this model, ipsilateral cerebral blood flow is dramatically reduced during the hypoxic exposure, but returns to normal for Ն24 h after the end of hypoxic exposure (27) . Thus, this model incorporates both focal cerebral ischemia and reperfusion. Although precise comparisons with human CNS development are difficult, brains of 7-d-old rats are similar to the brains of third trimester human fetuses (and thus premature infants) by a variety of indices (28 -30) . Postnatal d 7 unsexed Sprague Dawley rat pups (Charles River Laboratories, Wilmington, MA, U.S.A.) (n ϭ 68) underwent right carotid ligation under methoxyflurane anesthesia, followed 1 h later by 2.5 h of exposure to 8% O 2 (balance nitrogen), in 500-mL glass chambers partially immersed in a 38°C water bath. All study methods were approved by the University Committee on Use and Care of Animals, and all efforts were made to minimize the number of animals used.
Drug treatment. In four independent experiments, two serial doses of BN 50730, either 2.5 mg/kg per dose (n ϭ 13) or 25 mg/kg per dose (n ϭ 12), or vehicle (5% gum arabic in water; n ϭ 21) were administered by midline subumbilical i.p. injection immediately and again 2 h after the end of hypoxic exposure. The dose range chosen was based on reports in which BN 50730 in similar doses was found to alter learning and memory or affect immediate-early gene expression in rodents (31, 32) . In these four experiments, the severity of brain injury was evaluated 5 d after the hypoxic-ischemic episode. In one subsequent experiment, serial doses of BN 50730 (25 mg/kg per dose; n ϭ 8) or vehicle (n ϭ 5) were administered by i.p. injection immediately and 2 h after the end of hypoxic exposure, and outcome was evaluated at approximately 6 wk of age to confirm whether neuroprotective effects detected 5 d after the insult were sustained. In all experiments, after a 15-min. recovery period in a 37°C heated air incubator, animals were returned to the dam. In the long-term outcome studies, pups were weaned on postnatal d 22, and housed in separate-sex cages until the time of behavioral testing in the Morris Watermaze and subsequent killing at 2 mo of age. BN 50730 was a gift from Dr. N. Bazan (Louisiana State University Neuroscience Center, New Orleans, LA, U.S.A.). The structure of this hetrazepine compound has been published by other investigators (33) .
In one experiment, in which two doses of BN 50730 (25 mg/kg per dose; n ϭ 5) or vehicle (n ϭ 5) were administered immediately and again 2 h after the end of hypoxic exposure, esophageal temperature was measured at 5, 15, 30, 60, and 120 min after the end of hypoxic exposure, using a 0.6-mmdiameter flexible probe, inserted orally to a depth of 3 cm (YSI thermometer 43TA with probe 554, Yellow Spring Instruments, Yellow Springs, OH, U.S.A.).
Neuropathology. After hypoxic-ischemic lesioning, either on P12 (four experiments) or at approximately 6 wk of age (one experiment), rats were killed and brains frozen under powdered dry ice. Twenty-micrometer coronal sections, postfixed in paraformaldehyde vapor, were stained with cresyl violet and analyzed morphometrically, using National Institutes of Health Image software (NIH Image version 1.61, National Institutes of Health, Bethesda, MD, U.S.A.). To quantify injury severity in the P12 brains, bilateral crosssectional areas of neocortex, striatum, and dorsal hippocampus were measured in regularly spaced sections from the level of the anterior genu of the corpus callosum to the posterior genu 805 of the corpus callosum (an average of 20 sections/brain). Regional volumes were estimated by summating areas and multiplying by the distance between sections (34). Neocortical and striatal areas measured included only tissue with intact Nissl staining. Hippocampal areas measured included the entire structure because there was no clear demarcation between intact and nonintact tissue, based on staining characteristics. The hypoxic-ischemic insult occurs during a period of rapid brain growth. Thus, regional atrophy evolves in damaged brain tissue by 3-5 d after the initial insult, and regional volumes are an accurate reflection of the severity of brain damage (26, 35) . Four P12 brains were excluded from morphometric analysis because of technical problems encountered during sectioning (three cases, BN 50730 2.5 mg/kg; one case, BN 50730 25 mg/kg). To quantify injury severity in the young adult brains, bilateral cross-sectional areas of neocortex, striatum, and dorsal hippocampus were measured in six standardized sections (Paxinos and Watson panels 13, 17, 18, 21, 22, and 23) (36). This approach provided greater representation of the substantial volume of damaged tissue that we observed caudal to the posterior genu of the corpus callosum in these older survivors of neonatal hypoxia-ischemia than did the approach used in the P12 brains.
Cognitive testing. In the long-term outcome experiment, we also evaluated the effect of neonatal BN 50730 treatment on posthypoxic-ischemic cognitive function, using the Morris Watermaze place navigation task (37) . We added this functional measure to determine whether reduction in damage resulted in an improvement in function, an important issue in clinical and preclinical studies. To evaluate learning, on five successive days, beginning on d 35 of life, rats were positioned randomly in each of four quadrants, facing the outside of a 180-cm-diameter circular pool filled with room temperature water, for four successive trials per day. Swimming escape latency (seconds) to a hidden Plexiglas platform in a fixed location 1.5 cm beneath the surface was recorded; we placed the rats on the platform if they were unsuccessful after 120 s. Rats were left on the platform for 30 s between trials. Skim milk powder was added to the water to render the platform invisible. The pool was surrounded by multiple visual landmarks whose location relative to the pool did not change between testing days. Testing occurred at the same time and under the same lighting conditions every day. On the fifth day, after the completion of training the platform was removed, and short-term retention was tested with a transfer test, i.e. a 2-min swim, recording time (seconds) spent in the quadrant formerly occupied by the platform. On the sixth day, to evaluate longterm retention, an additional transfer test was performed.
Data analysis. Preliminary descriptive statistics indicated that there was considerable variability in morphometric indices of injury within treatment groups. Thus cortical, striatal, and hippocampal volumes were compared among treatment groups by Mann-Whitney or Kruskal-Wallis nonparametric tests. Percent regional damage, or percent reduction in regional volume, ipsilateral to carotid ligation, i.e. percent left-right (L-R) difference in volumes [100 ϫ (L Ϫ R) / L], was also compared among groups independently for each of the three regions evaluated by nonparametric tests. The significance of betweensubgroup differences was evaluated using Dunn's post hoc test for the Kruskal-Wallis nonparametric test. To evaluate the magnitude of the protective effect of BN 50730 rescue treatment on the severity of brain damage, percent protection was calculated based on comparison of the median percent damage in BN 50730-treated animals and controls, using the formula 100 ϫ [1 Ϫ (% damage drug-treated / % damage controls)] (35). Serial posthypoxic-ischemic esophageal temperatures were compared among drug-treated and control animals by repeated measures ANOVA. Mean daily escape latency during the 5 d of training in the Morris Watermaze place navigation task was compared among groups by repeated measures ANOVA. To determine whether lesion severity influenced learning, independent of drug treatment, we calculated the correlation between percent striatal, hippocampal, and cortical damage and both daily mean escape latencies and the sum of all latencies during 5 d of training. The relationship between percent striatal, hippocampal, and cortical damage and sum of all latencies during 5 d of training was also evaluated by stepwise linear regression, with damage percentages as the independent variables. Short-and long-term memory retention was evaluated by between-group comparison of the time spent in the quadrant formerly occupied by the platform, using parametric and nonparametric tests. Statistical analysis was performed using microcomputer statistical software packages (Statview 4.57, Abacus Concepts, Berkeley, CA, U.S.A.; Systat 5.2, Systat Inc., Evanston IL, U.S.A.).
RESULTS
In vehicle-treated rats, the experimental conditions (2.5 h of unilateral cerebral hypoxia-ischemia) resulted in moderately severe brain damage when evaluated at either 5 d after insult or 5 wk later. Typical histopathologic findings 5 d after insult included cortical infarction with cavitation, and striatal and hippocampal infarction or atrophy (Fig. 1) . Mortality during and after hypoxia-ischemia did not differ between the BN 50730-treated (3 of 37) and control groups (3 of 31). The time course of posthypoxic-ischemic esophageal temperatures was stable, and similar in the drug-treated and control animals.
Treatment with BN 50730 resulted in a reduction in ipsilateral brain damage evaluated 5 d after the unilateral cerebral hypoxic-ischemic episode. Treatment with BN 50730 (25 mg/kg per dose), initiated immediately after the end of hypoxic exposure, resulted in attenuation of ipsilateral damage in cortex, striatum, and hippocampus ( Figs. 1 and 2) . However, rescue treatment with the lower BN 50730 dose (2.5 mg/kg per dose) did not result in a significant reduction in ipsilateral brain damage (Fig. 2) . The cortical damage in the drug-treated groups appeared to be dichotomous, with either mild (Ͻ25%) or severe (Ͼ70%) tissue loss. However, even when cortical damage was reanalyzed dichotomously (Յ50% damage versus Ͼ50% damage), only treatment with the higher dose provided significant neuroprotection (Ͼ50% damage: control, 16 in injury severity by drug treatment, in animals treated with the higher BN 50730 dose (25 mg/kg) was 71%, 57%, and 63% in cortex, striatum, and hippocampus, respectively.
The neuroprotective efficacy of posthypoxic-ischemic rescue treatment with BN 50730 was confirmed by morphometric analysis of brain sections from 6-wk-old rats that underwent neonatal cerebral hypoxia-ischemia at 7 d of life, followed by treatment with BN 50730 (25 mg/kg per dose) (Figs. 3 and 4) . In vehicle-treated rats evaluated 5 wk after hypoxic-ischemic lesioning, the pattern of injury was different from that at 5 d after lesioning. At this later developmental stage, ipsilateral striatal atrophy was not pronounced, cortex at the level of the striatum tended to be either intact or thinned, with a columnar pattern of neuronal loss, and cortical cavitation or severe atrophy was usually evident only at a more caudal level over the dorsolateral and posterior hippocampus. Within the hippocampus, the rostral pole tended to be most severely atrophied or absent, with some atrophy but structural preservation ventral and posterior (Fig. 3) . Compared with concurrent vehicle-injected controls, ipsilateral brain damage was attenuated in cortex and striatum in young adult rats that had received posthypoxic-ischemic treatment with BN 50730 (Fig. 4) . In comparison to vehicle-injected controls, the median percent protection, a measure of reduction in injury severity by drug treatment, in animals treated with BN 50730 (25 mg/kg per dose) was 85% in cortex and 76% in striatum. When examined at this later time, attenuation of hippocampal damage could not be detected.
When performance was evaluated in the place navigation task beginning on d 35, mean daily escape latencies in the BN 50730-treated group were lower than in controls for all 5 d of training; however, the difference between groups was not statistically significant (Table 1 , p ϭ 0.14, repeated measures ANOVA). Although an improvement in performance in the BN 50730-treated group could not be demonstrated, when both the controls and the BN 50730-treated rats were combined, there was a significant linear relationship between the severity of brain damage and escape latencies. The correlation between percent cortical damage or percent striatal damage and the sum Fig. 5 ; striatal, r ϭ 0.60, p ϭ 0.03). When individual days were examined, there was a significant correlation (p Յ 0.05) between percent cortical damage and mean daily escape latency on d 1, 4, and 5, and between percent striatal damage and mean daily escape latency on d 2 and 4. No association was detected between the percent hippocampal damage and escape latencies. In an effort to determine whether damage to different regions contributed independently to the prolongation of escape latencies associated with hypoxic-ischemic damage, stepwise linear regression was performed. This analysis indicated that although there was a significant association between both cortical and striatal damage and prolonged escape latencies, cortical damage made the greatest contribution (multiple R 2 ϭ 0.466; p ϭ 0.01), and striatal damage did not make any additional contribution.
When retention was evaluated using both short-term (d 5) and long-term (d 6) transfer tests, there was no improvement in retention in the BN 50730-treated group, compared with controls. Although a significant improvement in retention in the BN 50730-treated group could not be demonstrated, when both the controls and the BN 50730-treated rats were combined, there was a linear relationship between the severity of cortical damage and impaired short-term retention. Increasing cortical percent damage (i.e. increasing severity of damage) was associated with decreased short-term retention (r ϭ 0.553, p ϭ 0.05). The association between percent cortical damage and long-term retention was weaker (r ϭ 0.491, p ϭ 0.09). No correlation was detected between the severity of striatal or hippocampal damage and either short-or long-term retention.
DISCUSSION
These results, demonstrating the neuroprotective efficacy of the PAF receptor antagonist BN 50730 in neonatal rats that underwent unilateral cerebral hypoxic-ischemic lesioning, provide additional support for the hypothesis that PAF is a medi- Posthypoxic-ischemic treatment with the PAF antagonist BN 50730 attenuates cortical, striatal, and hippocampal damage 5 wk after insult. Sevenday-old rats underwent unilateral carotid ligation followed by a 2.5-h exposure to 8% O 2 . Immediately after the end of hypoxic exposure, rats received two serial i.p. doses of BN 50730 25 mg/kg per dose (BN25) or vehicle (Control) 2 h apart. Bilateral cortical, striatal, and dorsal hippocampal areas were measured in six standardized coronal sections per brain, and percent damage (i.e. left-right percent difference in regional areas) was calculated 5 wk later (see Methods) and compared between groups by the Mann-Whitney nonparametric test. Cortical and striatal damage was attenuated in the BN 50730-treated group (*p Ͻ 0.05). No effect on hippocampal damage was detected. All data points are plotted, with horizontal bars representing median values. 808 ator of hypoxic-ischemic damage in the immature brain. This hypothesis is also supported by our previous work, in which treatment with the chemically distinct PAF receptor antagonist BN 52021 resulted in a decrease in severity of hypoxicischemic damage (17) . Furthermore, the neuroprotective effect of neonatal treatment with BN 50730 persisted into adulthood, indicating that BN 50730 reduced brain damage, rather than simply delaying the ultimate expression of injury. Our initial choice of a posthypoxic-ischemic BN 50730 rescue treatment regimen was influenced both by its relevance to clinical practice and by our previous experience with BN 52021 treatment, in which a rescue regimen was also neuroprotective (17) .
It is unclear whether the neuroprotective efficacy of BN 50730 was dose dependent. At the higher dose, which inhibits immediate-early gene induction in rodents, neuroprotection was demonstrated. At the lower dose, which can impair learning and memory in adult rodents, effective neuroprotection could not be demonstrated on evaluation 5 d after insult. The data in the low-dose treatment group were not normally distributed; thus it is possible that our sample size was too small to detect a real treatment effect in some regions.
Although damage was attenuated in all regions examined when the efficacy of BN 50730 was evaluated 5 d after lesioning, only attenuation of cortical and striatal damage could be demonstrated when evaluation was delayed until 6 wk of age. When the efficacy of neonatal BN 50730 treatment was evaluated in adulthood, no neuroprotective effect could be demonstrated for hippocampus. Other investigators reported similar neuropathologic findings at 6 wk after hypoxiaischemia, and also reported apparent regional differences in neuroprotective efficacy between similar end points (38) . Although this discrepancy could be the result of differences in mechanisms and evolution of damage between regions, it is also possible that our sample size may have been inadequate to detect real effects in the hippocampus at the later evaluation time, and that inconsistency in drug delivery may have contributed to variability in the damage seen in the drug-treated group. BN 50730 dissolves poorly in water, thus we administered it as a suspension in a gum arabic solution. We chose not to solubilize the drug in DMSO, to avoid any possible confounding effect of this vehicle (39) .
Although BN 50730 treatment attenuated hypoxic-ischemic brain damage, we were unable to detect an improvement in learning or memory in the BN 50730-treated rats, evaluated in the Morris Watermaze place navigation task. Although the mean daily escape latencies were consistently lower in the drug-treated group than in controls, the standard deviations were large. Multiple factors could have contributed to this high variability, including the known heterogeneity of damage in this model, inconsistencies in drug delivery, and variability of the behavioral testing method. Thus it is possible that our sample size was too small to detect a real beneficial effect of BN 50730 treatment on learning and memory. Further behavioral studies were not possible owing to insufficient drug supply. Even though we could not detect an effect of drug treatment on learning and memory, when we combined both the drug-treated and control animals, there was a clear linear correlation between the severity of cortical and striatal damage and impairment of learning. This finding is consistent with the reported linear correlation between sensorimotor performance Figure 5 . Correlation between severity of cortical damage and learning impairment. Seven-day-old rats underwent unilateral carotid ligation followed by a 2.5-h exposure to 8% O 2 . Immediately after the end of hypoxic exposure, rats received two serial i.p. doses of BN 50730 25 mg/kg per dose or vehicle 2 h apart. Beginning on d 35 of life, animals underwent testing of learning in the Morris Watermaze place navigation task for four trials per day for five consecutive days (see Methods). Escape latencies during the entire training period were summated; a longer escape latency sum signifies slower learning. After the completion of testing, bilateral cortical areas were measured in six standardized coronal sections per brain, and percent damage (i.e. left-right percent difference in regional areas) was calculated at 6 wk of age (see Methods). There was a significant linear correlation between the severity of cortical damage and learning impairment (r ϭ 0.683, p ϭ 0.01). † Swimming escape latency (seconds) to a hidden platform was recorded for four successive trials per day per animal, for 5 consecutive days; animals were placed on the platform if they were unsuccessful after 120 s (see Methods).
‡ During a single 2-min free swim with the platform removed, cumulative time (seconds) spent in the quadrant formerly occupied by the platform was recorded, both on d 5, after the completion of training, and again 24 h later on d 6 (see Methods). 809 at 6 wk and infarct volume after neonatal cerebral hypoxiaischemia (38) . Although the place navigation task is often thought of as a test of hippocampal function, there is evidence that it is also sensitive to neocortical damage (40) . Our findings suggest that larger numbers of animals will be needed to detect behavioral evidence of neuroprotection than are typically needed to detect pathologic evidence of neuroprotection. For example, on the basis of the mean escape latencies and standard deviations on d 3 of training, a sample size of nine per group would have been necessary to detect a significant between-group difference in escape latencies on that day (␣ ϭ 0.05, ␤ ϭ 0.80).
Although these data and our previous report support a role for PAF as a mediator of cerebral hypoxic-ischemic damage, they also suggest that PAF may contribute to the evolution of brain damage by multiple mechanisms. BN 52021 is a selective antagonist of synaptic PAF receptors on neurons, but BN 50730 antagonizes a microsomal PAF binding site. The fact that treatment with both antagonists reduces hypoxic-ischemic brain damage suggests that the CNS toxicity of PAF is mediated by at least two distinct mechanisms, altered excitatory transmission and altered neuronal gene transcription (6) . It is possible that some of the effects of PAF in cerebral ischemia may relate to proinflammatory activity, for example activation of microglia (3) . A PAF antagonist might indirectly influence the evolution of cerebral hypoxic-ischemic damage by attenuating systemic PAF-induced hypotension under hypoxic conditions. Endothelial expression of PAF in posthypoxicischemic CNS tissue might also contribute to the development of hypoxic-ischemic brain damage by attracting and activating circulating neutrophils (41, 42) . However, treatment with the systemically active PAF receptor antagonist WEB 2170 before the induction of hypoxia-ischemia in 7-d-old rats attenuated cerebral edema 42 h after the insult, but had no effect on the ultimate expression of damage 7 d after the insult (43) . Unlike BN 52021 and BN 50730, which are both lipophilic and presumed to cross the blood-brain barrier, WEB 2170 is water soluble and does not cross the blood-brain barrier (43) . This finding, together with our results, suggests that systemic or cerebral vascular mechanisms contribute little to the tissue effects of PAF in this neonatal cerebral hypoxia-ischemia model.
In conclusion, the present study adds support to the hypothesis that PAF is a mediator of hypoxic-ischemic damage in the immature rat brain. The mechanisms linking PAF to tissue damage could be both inflammatory and noninflammatory; these downstream mediators remain to be elucidated. However, accumulating evidence suggests that PAF exerts its damaging effects in the immature CNS at the parenchymal level, i.e. on neurons or microglia, rather than on the endothelium or circulating leukocytes. Our demonstration of a causal link between this mediator and perinatal brain injury complements the growing body of epidemiologic and human neuropathologic data suggesting a critical role for inflammatory mediators in perinatal brain injury. Future investigations should focus on elucidating neuronal and microglial mechanisms of injury that might be induced by PAF in the immature brain.
